Tomato juice inoculated with Cladosporium sp. or Penicillium sp. developed pH gradients with the upper portions near the mold mats having pH values near neutrality and the lower portions remaining more acid. Clostridium botulinum spores in these moldy tomato juices germinated, grew out, and produced toxin.
Botulism is usually associated with the ingestion of improperly sealed, home-canned, neutral or slightly acidic foods. There have been, however, a number of reported outbreaks from foods generally considered too acid to support germination, growth, or toxin production by spores of Clostridium botulinum. Stone (11) described an outbreak of botulism presumably caused by eating a ripe persimmon; Meyer and Gunnison (6) confirmed pears as the source of fatal botulism in two people; and Slocum et al. (10) indicated that tomatoes were the source of toxin fatal to two persons. The pH ofthe tomato juice was 4.21. They isolated aerobic bacilli and diplococci from the incriminated food, but could not isolate C. botulinum. Inoculation of fresh canned tomatoes with the incriminated juice did not produce toxin. The same workers summarized reports of nine outbreaks of botulism from acid foods that included three from apricots, three from tomato products, and three from the report on pears by Meyer and Gunnison (6) . One of the apricot reports noted the presence of mold on the surface of the canned fruit. Another report referred to by these authors indicated that incriminated tomatoes were "obviously fermented."
A recent review on botulism in the United States from 1899 to 1973 (2) indicated that a total of 27 outbreaks were traced to fruits and 20 more to condiments including tomato relish, chili peppers, and chili sauce. Other recent cases attributed to home-preserved tomatoes or tomato juice were reported by Vartanyants (14) , Popugailo et al. (8) , and the Center for Disease Control (CDC) (3, 4) .
Townsend et al. (12) investigated the effect of pH on the germination and growth of C. botulinum spores in a variety of food substrates. For all food substrates tested, a pH of 4.70 appeared to inhibit growth and toxin production; in culture media, on the other hand, the inhibiting pH was about 0.2 units higher. Studies on the effect of pH on C. botulinum 62A (7) indicated that spores would consistently grow out and produce toxin at pH 5.0 or higher whereas growth would occur at pH 4.9 after a long incubation. Roberts and Ingram (9) indicated that pH 5.4 was inhibitory to C. botulinum type A or B in a pork macerate medium. Inhibition occurred at higher pH values when the salt or nitrite concentrations were increased. BairdParker and Freame (1) indicated that 5.3 was the minimum pH for germination and outgrowth of types A, B, or E in culture media. Mushrooms, acidified with acetic acid, became toxic at pH 4.77 (5) .
The possibility of certain, recently developed varieties of tomatoes having pH values at or near the minimum for growth of C. botulinum prompted us to determine whether factors other than low acidity might be responsible for outbreaks of botulism from tomatoes. Growth of C. botulinum with molds. Three of the cultures (C6, C7, and C9) were selected for further study in mold-contaminated commercial tomato juice ( Table 2 ). Without mold, there was no evidence for growth (i.e., no gas in the tomato juice and no anaerobic colonies in agar) of C. botulinum in 60 days, the duration of the test. In tomato juice also inoculated with Cladosporium sp. (no. 1), all three cultures produced visible gas, typical Gram smears, and anaerobic gas-producing colonies 4 days after the mold had formed heavy mats of growth on the surface. Similar, although slightly delayed, results were obtained with Cladosporium sp. (no. 2). On the other hand, the two Penicillium species, which did not form a compact mat of growth on the surface, allowed growth of C. botulinum only with C7 and one replicate of C".
Toxin production. The Cladosporium sp. (no. 1) culture was studied further with C. botulinum cultures C6, C7, and C9 (Table 3) . When the mold was added at the beginning of the test, gas production from C6 and C7 was evident within two weeks from the time of heavy mat formation (3 days) at the three pH levels (4.2, 4.6, and 5.2). Cg grew more slowly.
When mold was added after 35 days at room temperature, the C. botulinum spores showed similar germination and outgrowth patterns. Toxin production appeared to be correlated with early gas production; the highest titers were with C9 at pH 4.6 and 5.2. C7 grew faster than C6, but the toxin titers were lower.
Development of pH gradient under mold mat. A gradual change in the pH of tomato juice without C. botulinum, under the mat of Cladosporium sp., is shown in Table 4 . Three days after the mold mat formed on juice with an initial pH of 4.2, the pH of the underside of the mat was 5.78. When the starting pH was 4.60, that of the underside of the mat was 6.40. Gradients of pH decreasing with depth were observed. In tomato juice with an initial pH of 4.2, When the tomato juice started at pH 4.6, the minimum pH was at a depth of 1.5 ml in 6 days, and at a 5.2 initial pH the minimum pH was at a depth of 3.5 ml. The pH gradually increased with length of incubation.
Inhibition of mold growth with sorbic acid. Sorbic acid at 100 ,ug/ml added to commercial tomato juice inoculated with Cladosporium sp. showed complete inhibition of the mold for the duration of the experiment (6 Our work indicates that the original pH of the food may be only one factor in preventing growth of C. botulinum in tomatoes or other acid foods. If mold develops on the surface, the pH of the underlying food is raised, even with very low initial pH values. In fact, the onset and rate of toxin production was as rapid at pH 4.2 as at pH 5.2, indicating that even high-acid foods may be unsafe when molds are present. A frugal, uninformed person might remove the mold mat and consume a portion of the product that contains the preformed toxin. Routine analysis of the remainder of the product after routine mixing could easily show it to be in the high-acid range. This appeared to be the case in an outbreak of nine cases ofbotulism (two fatalities) in the USSR reported by Popugailo et al. (8) . They traced the toxin to improperly processed tomato juice which showed overt mold growth and pH values ranging from 3.8 to 4.5 in several cans examined. No attempt was apparently made to determine the pH at various levels of the juice. The report of Slocum et al. (10) also indicated that mold was present on the surface of apricots implicated in an outbreak.
They reported a pH of 4.21 in a can of tomatoes implicated in another outbreak. Meyer and Gunnison (6) reported a pH of 3.86 in pears causing an outbreak of botulism in California. Interestingly, they found the pears to contain yeast cells but no molds. Dowell et al. (Interagency Botulism Research Coordinating Committee, Rockville, Md., 1974) described outbreaks from home-canned blueberries with a pH of3.5, tomatoes with a pH of4.5, and tomato juice with a pH of 4.2. Our results and those of the above workers indicate that one hazard from botulism in acid foods may not be the initial level of acidity per se but the sequential growth of acid-destroying organisms (molds from this study, but other organisms could also consume acid) and C. botulinum. The work reported here indicates that 100 ,ug of sorbic acid per ml might effectively control the mold in tomato juice. This is under further investigation.
